Malignant mesothelioma (MM) is an aggressive primary malignancy which invades the pleura, peritoneum or pericardium. Mortality rates are high. Local tumor invasion is inevitable; and metastasis to the chest wall, mediastinum, or thoracic spine is common. Distal metastasis to osseous structures other than the thoracic spine is rare. External beam radiation therapy (EBRT) is a mainstay treatment for metastatic disease in the spine but carries significant risks of myelopathy and unintended damage to normal surrounding tissues and is insufficient when mechanical instability of the affected vertebra is present. Further, EBRT may take up to 2 weeks to elicit meaningful pain relief. Balloon kyphoplasty (KP) is a brief, safe, outpatient, image-guided percutaneous procedure performed with either twilight sedation or general anesthesia. The ideal KP candidate has midline non-radiating pain which worsens with weight bearing and direct palpation at the site of vertebral metastasis or fracture, and pain which improves in the supine position. We present a rare case of L5 vertebral metastasis from end-stage recalcitrant MM treated with KP for pain control and vertebral body stabilization. KP should be considered as a palliative treatment option, with strong evidence to suggest predictable pain relief and improved function when appropriate candidates are selected for the procedure. Caregivers should be aware of the indications of KP as well as expected outcomes.
Introduction
Malignant mesothelioma (MM) is an aggressive primary malignancy which invades the pleura, peritoneum, or pericardium. Mortality rates are high. Local tumor invasion is inevitable; and metastasis to the chest wall, mediastinum, or thoracic spine is common. Distal metastasis to other osseous structures is rare. We present a unique case of L5 vertebral treated with balloon kyphoplasty (KP) for vertebral body stabilization and pain control.
Case report
A 51-year-old Hispanic male presented with a 2-month history of non-radiating central low back pain and a five year history of MM. At the time of his initial diagnosis with MM, a complete right extrapleural pneumonectomy with diaphragm and pericardial resection and lymph node biopsy was performed. At that time, he was classified with Stage III T2 N1 M0 epithelioid mesothelioma. Following surgery, he underwent four cycles of cisplatin and pemetrexed chemotherapy followed by radiation. Three years later, when new pulmonary lesions were identified, an additional six cycles of chemotherapy was administered. One year later, liver metastasis was identified and treated with five cycles of gemcitabine with palliative radiation using 50 Gy followed by two cycles of vinorelbine.
At the time of his presentation with low back pain complaints, the patient reported a numeric rating scale (NRS) for pain of 5/10 when it was most severe. NRS typically varied from 5-7/10. He was using 50-100 oral morphine equivalents per day with partial improvement in pain symptoms and moderate side effects. His physical examination was remarkable for tenderness with palpation and percussion over the L5 spinous process and the paralumbar muscles. His neurologic exam was normal except for decreased light touch in a stocking distribution to the ankles bilaterally, consistent with chemotherapyinduced neuropathy. Computed tomography (CT) of the lumbar spine confirmed two soft tissue metastatic lesions in the right posterior paraspinal muscles and a lesion within the L5 vertebral body. Magnetic resonance imaging (MRI) confirmed a T2 intermediate signal, STIR hyperintense enhancing lesion involving the majority of the anterior L5 vertebra with fractures of the superior and inferior endplates and 60% height loss ( Figure 1 ). Incidental grade I-II anterolisthesis of L5 on S1 was seen with chronic pars defects bilaterally at this level.
Given the patient's advanced disease, low pulmonary reserves, and failure of adjuvant therapy to arrest metastasis, a lumbar stabilization surgery was not recommended. As an alternative, balloon kyphoplasty (KP) was offered to stabilize the L5 vertebra, halt further collapse at this level, and decrease pain symptoms. KP was performed at L5 with biplanar fluoroscopic guidance with polymethylmethacrylate (PMMA). While most of the cement was injected into the lytic cavity, a small volume of cement was also injected into the posterior vertebral body and bilateral pedicles, bridging the lytic cavity and trabecular bone in order to improve stability in both the anterior and posterior spinal columns ( Figure 2 ). Core biopsies taken during the KP procedure showed cells strongly positive for keratin AE1/AE3, consistent with epithelioid mesothelioma. A post-kyphoplasty CT scan showed a reduction in vertebral collapse ( Figure 3 ). Following the procedure the patient reported 50% reduction in low back pain and he remained ambulatory. Two weeks later, he abruptly succumbed to a pulmonary infection and ventilatory failure unrelated to the procedure.
Discussion
MM is an aggressive primary malignancy of the serosal membranes: the pleura, peritoneum, and pericardium. It is related to exposure to mineral fibers such as asbestos and erionite, but is also seen in the absence of environmental triggers. Epithelioid mesothelioma is the most common subtype, but sarcomatoid and mixed histologies can also be seen [5] . Epidemiologic data suggests a multifactorial etiology of MM with an inter-play of mineral fiber exposure, genetic predisposition, viral infection, or exposure to ionizing radiation [5, 12] . The incidence of MM in the U.S. ranges from 1 to 15 cases/million and varies regionally. In the United States alone, it is responsible for 3,000 deaths per year [17] . Following diagnosis, median survival is 14 months in those who undergo surgical resection [10] and less than 1 year in those with nonresectable disease [3] . Pleural mesothelioma, the most prevalent, is more common in men; while primary peritoneal disease has less gender predisposition. Women with MM are less likely to have exposure to asbestos or erionite as compared to men. As many other malignancies mimic the histopathology of mesothelioma, the diagnosis is confirmed with immunochemistry markers [4, 5, 13] .
Patients initially present with pulmonary symptoms or abdominal complaints depending on the location of the primary lesion. Pleural effusions are common. Local recurrence occurs in 80% of cases following surgical resection [30] , and metastatic disease is noted in 10-50% of MM cases, more common at late stages of the disease [19] . Tumor invasion may be related to direct invasion of surrounding tissues at the site of a primary lesion in addition to hematogenous or lymphatic spread. MM commonly metastasizes to the chest wall, mediastinum and thoracic spine; but rare cases of metastasis to the oral cavity [22] , face [6] , medullary spinal cord [7] , stomach [14] , testicles [1] , mandible [28] , humerus [18] , and femur [19] have been published.
As yet, there is no universally accepted treatment approach to MM. The optimal timing and type of surgery, chemotherapy or radiation are not established. Cisplatin and pemetrexed combination chemotherapy is a common treatment based on the clinical efficacy observed in 41% of subjects in a phase III clinical trial that showed a small increase in mean survival [29] . Repeat chemotherapy treatment may be efficacious in some cases [15] .
KP was introduced in 2001 as a treatment for vertebral body fractures. The procedure aims to reduce subjective pain and stabilize the involved vertebrae and in some cases can correct kyphotic deformity. It is a brief percutaneous procedure that can be performed with either sedation or general anesthesia on an outpatient basis. The ideal KP candidate has midline non-radiating pain which worsens with weight bearing and direct palpation at the site of the fracture [16] .
Pain is the most common presenting symptom of spine metastasis. Neurologic signs may be seen with retropulsion of bone fragments or compression of the spinal cord, but such signs rarely exceed axial pain [9] . Breast, prostate, lung, renal, and hematopoeitic tumors commonly metastasize to the thoraco-lumbar spine, as a large volume of bone marrow is present for potential tumor cell deposition [27] . Overall, the incidence of spinal metastasis is 60% in the thoracic region, 30% in the lumbar region, and 10% in the cervical region [8] .
In patients with pathologic vertebral body compression, KP and external beam radiation therapy (EBRT) are often used together. EBRT is a mainstay treatment of metastatic disease in the spine, but carries a risk of myelopathy [26] and unintended damage to normal surrounding tissues. EBRT alone does not suffice when obvious mechanical instability of the vertebra is present and tumor cell death may cause further collapse and instability. Though pain relief is seen in 75% of patients treated solely with EBRT, it may take up to 2 weeks for patients to notice this effect, depending on the radiosensitivity of the tumor [20] . In contrast, pain relief following KP is seen within 24 hours and is expected in > 70% of patients [30] . PMMA has cytotoxic and thermolytic effects on tumor cells which may result in immediate tumor cell death. Cement within the cancelous bone occludes feeder vessels to the tumor, decreasing available tumor nutrition [9] . Stereotactic radiosurgery can also be effective for instability and pain [26] .
Only a few well designed studies of outcomes in KP for metastatic spine lesions have been published. In a retrospective study of 48 patients with 124 metastatic spine lesions who underwent KP, Qian et al. reported a decrease in VAS from 7.4 ± 2.1 pre-operatively to 3.8 ± 1.6 following KP (P < .001). Oswestry scores of disability improved by 50% and social functioning improved as well. The etiology of vertebral metastasis in these study patients was breast or lung cancer, but only 2/124 lesions treated with KP were at the L5 level [23] . None of these patients had MM.
In another retrospective study, Hirsch et al. analyzed 201 cases of metastatic spine lesions treated with either KP or vertebroplasty, an alternative method of vertebral augmentation. The most common primary neoplasms were multiple myeloma, breast cancer or lung cancer. They found 39% of patients treated with vertebral augmentation experienced complete relief of pain after the procedure, regardless of the technique used. There was no correlation between type of cancer and the clinical outcome of pain relief. No analysis of vertebral level treated and pain outcome following the procedure was done. None of these cases involved MM and very few KPs were done at the L5 level [16] .
In another comprehensive review of 12 published studies of KP performed for malignant spinal lesions, which included over 300 patients, universally improved pain scores and functional outcomes were seen [21] .
The cancer patient fracture evaluation study (CAFE) is the first published prospective, randomized trial of KP in cancer patients with symptomatic spine metastases [2] . The study included 134 subjects with cancer and spine metastases who were randomized to undergo either KP (n = 70) or non-surgical management (n = 64), and were then evaluated on a variety of outcome measures: Roland-Morris Questionnaire, SF36, and pain scores. Pain scores decreased by 50% in the KP group at 1 week; and statistically and clinically significant improvements in disability, function, quality of life, and pain scores were seen for the 12-month duration of the study in this treatment group consistent with retrospective data previously summarized. Similar to most of these studies, however, spinal lesions were most commonly from breast and lung cancers and were located in the thoracic or upper lumbar spine. None of these subjects had MM and very few of the lesions were in the L5 vertebra.
The extent and location of osseous tumor invasion is a significant factor in assessing candidacy for KP. Lesions involving more than 35% of the vertebral body or invading the pedicles increase the risk of vertebral collapse [25] . KP is contraindicated in asymptomatic vertebral lesions without instability, severe cord compression from retropulsed bone fragments with myelopathy, severe spinal stenosis, uncorrectable coagulopathy, local or systemic infection, and allergy to the KP components like PMMA. Disruption of the posterior vertebral body cortex will require greater vigilance during KP, but is not an absolute contraindication. Greater than 75% vertebral body compression makes KP technically difficult or impossible and typically no more than three levels are treated at one time [11] . Surgical decompression may be necessary if radiculopathy from bone fragments or tumor is identified [8, 24] .
Conclusion
To our knowledge this is the first report of L5 vertebral body metastasis from MM treated with KP. In this case, tumor invasion into the posterior vertebra had seriously compromised structural integrity of the spinal segment, putting the patient at high risk of complete vertebral collapse. KP addressed the patient's pain related to bony tumor involvement and avoided a more invasive spinal stabilization surgery, relatively contraindicated due to the patient's low pulmonary reserves and high tumor load. Residual back pain following the procedure was likely related to ongoing progression of soft tissue metastasis in the paralumbar muscles. These outcomes concur with recently published prospective and retrospective studies.
In cases of vertebral metastasis wherein pain or vertebral instability is noted, KP should be considered as a palliative treatment option, with strong evidence to suggest predictable pain relief and improved function when appropriate candidates are selected for the procedure. Hospitalists and palliative care teams should be aware of the indications of KP as well as expected outcomes in these patients.
